a) Extension of the cavity involving the opening up of new and healthy tubules after removal of the carious dentine should be kept to a minimum.
Section of Odontology 499 (a) Extension of the cavity involving the opening up of new and healthy tubules after removal of the carious dentine should be kept to a minimum.
(b) A thin smear of thickly mixed zinc oxide and eugenol used as a sublining is sufficient to prevent pulp irritation from acid cement.
While dental cements are designed to give certain desirable physical properties, it must be recognized that such properties should be dependent on the biological factors involved in their use. It seems to me, therefore, that it is of first importance in the manufacture of these materials that due consideration should be given to the histopathology and physiology of the dentine and pulp.
This work has been assisted by a grant from the Deiltal Board, to whom acknowledgments are due. The technical work of preparing the sections and photomicrographs has been carried out by my wife, to whom I am greatly indebted for her patience and skill.
INTRODUCTION
WHILE the organic matrix of the enamel has been carefully studied in its relation to dental caries (Williams, 1898; Malleson, 1925; Bodecker, 1927; Pincus, 1935) , little attention has been paid to the organic structures on the enamel surface and their significance in this condition.
Nasmyth's membrane was first described in 1839 as an organic layer covering the enamel surfaces of unerupted and newly erupted teeth. Paul (1894) demonstrated its two component layers; an outer cellular layer and an inner hyaline layer which we now know as the enamel cuticle. Later investigators (Mummery, 1919; Gottlieb, 1921; Chase, 1926; traced the origin of these structures to the enamel organ. Williams (1923), Malleson (1924) and Fish (1928) established that the enamel cuticle was in continuity with the organic matrix of the enamel while Rosebury (1929, 1930) found that the chemical constitution of both structures was similar to that of the keratins.
While it is generally agreed that the enamel cuticle covers all the enamel surfaces of unerupted teeth, information as to its distribution on erupted teeth is scanty. Paul (1894) stated that it could be recovered from most erupted teeth; Chase (1926) and Dobbs ( 1932) found only small fragments of the cuticle on erupted teeth, while Kronfeld (1933) asserted that on similar teeth, large fragments could be demonstrated covering most enamel surfaces. The function of these fragments of the cuticle, according to Kronfeld, is to form an attachment between the gingival epithelium and the enamel. Paul (1895) and Gottlieb (1921) stated that the cuticle protects the enamel against caries, while Leigh (1926) asserted that it predisposes to caries. Organic membranes are easily recovered from the enamel surfaces of erupted teeth and have often been described. Dobbs (1932) stated that they were composed principally of mucin, but Gottlieb (1921) and Kronfeld (1933) found them to consist mainly of fragments of the enamel cuticle.
INVESTIGATIONS
In the present investigation membranes were recovered from the enamel surfaces of a number of erupted teeth.
The teeth were scaled, scrubbed till free of stainable debris and then immersed in 10 to 200/ nitric acid to which 1% of phloroglucin had been added. As the membranes floated free they were teased off, washed and mounted on slides for staining with haematoxylin and eosin and subsequent examination. Two hundred specimens were examined by this method. These were recovered from incisors, canines, premolars and molars from patients of 8 to 60 years of age.
Their histological, chemical and physical characteristics were identical with those of the enamel cuticle. By means of celloidin sections their attachments to both the organic matrix of the enamel ( fig. 3 ) and to enamel iamellxe were demon,strated.
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The methods available for the demonstration of the enamel cuticle in situ were either the partial decalcification of ground sections (Underwood and Wellings, 1914) , celloidin impregnation (Malleson, 1924 (Malleson, , 1925 , or the acid celloidin technique (Bodecker, 1927) . In sections prepared by these methods, however, displacement or distortion of the cuticle prevented an accurate determination of its distribution. For this reason a new technique j1- was evolved. In this, ground sections were completely decalcified and the cuticle was retained in situ with gelatin.
The teeth were cleaned by scrubbing and immersion in 25% sodium hydroxide. Sections 5-10 ,u in thickness were ground and attached to slides coated with egg albumin by means of 10% gelatin. After drying the gelatin was hardened with -20% formaldehyde. The sections were then decalcified in 2% hydrochloric acid and the enamel cuticle adhered to the gelatin. The sections were washed and soaked again in 20% formalin for ten minutes. I --I After further washing they were stained with haematoxylin and eosin and decolorized till the gelatin was clear. The sections were then mountect in glycerol jelly (gelatin 10%) and ringed with shellac varnish.
Iwo hundred and ninety teetn were examined by this method. They included incisors, canines, premolars and molars from patients oI 8 to 68 years of age.
By this method the distribution of the enamel cuticle and its attachment to enamel lamellae could be demonstrated. The cuticle was demonstrated on all teeth regardless of age. it covered all the enamel surfaces of newly erupted teeth but older teeth showed its absence trom the incisal margins of incisors and canines and the occlusal surfaces of the cusps of premolars and molars (figs. 1 and 2). Even the oldest teeth, which were from a patient of 68 years of age, showed large fragments of the cuticle covering the lateral enamel surfaces and lining occlusal pits and hissures (fig. 2) . The cuticle was lost also from those enamel surfaces previously abraded with tine sandpaper discs. The enamel cuticle, therefore, is present on all enamel surfaces not subject to natural or artificial attrition or abrasion.
The correlation of these findings with the results of concurrent investigations into the distribution of so-called carious lesions produced in vitro is significant.
For the production of " carious " lesions in vitro the recognized methods of Miller (1890) , McIntosh, James and Lazarus-Barlow (1922) and Clarke (1924) were employed.
The teeth were cleaned, autoclaved and immersed in tubes of media. The media used were (a) sterile bread and saliva, (b) sterile 1% lactose broth. These were inoculated with one of the following: (1) Bacillus acidophilus odontolyticus I; (2) Bacillus acidophilus odontolyticus II; (3) Streptococcus mutans; (4) Mixed mouth organisms. All were incubated at 37°C. and the media and inocula were renewed three times each week. The duration of each experiment was from eignteen to twenty-four weeks. Sixty teeth were treated by this metnod. There were incisors, canines and premolars from patients of various ages. Seven teeth showed no lesion. Of these four were controls and three were newly erupted teeth removed for orthodontic reasons.
Lesions were produced in fifty-three erupted teeth of various ages and their incidence showed relationship neither to the type or medium, nor to the inoculum. The lesions closely resembled those of natural caries in both macroscopic and histological appearances. In the enamel surrounding a number of these lesions translucent zones were demonstrated ( fig. 4 ) which were identical with those occurring in natural cari-es described by Mummery (1926) . The lesions were invariably situated at the incisal margins of incisors and canines and on the occdusal surfaces of the cusps of premolars and molars but could be produced in any enamel surface by gentle abrasion with sandpaper discs prior to incubation in the "caries"-producing medium. Cleansing of the teeth by boiling in 25 % sodium hydroxide for one hour caused no variation in the distribution of the lesions. Histologically most enamel surfaces showed slight changes similar to the precarious decalcification described by Bunting and Hill (1940) . These changes involved only the superficial layers of unabraded enamel and never progressed to cavity formation but over cusps and incisal margins penetration was greatly increased and the dentine was frequenly involved. The maximum acidity of the media was pH 3-5 and identical lesions of similar distribution were produced by the incubation of similar teeth in dilutions of lactic acid less than 0-075% (pH 3.5) as shown by Mummery (1909) and Dobbs (1932) .
DISCUSSION
From these investigations it is apparent that the production of caries in vitro is not dependent on any specific organism but rather on the acid produced by the acidogenic organisms when cultured in a carbohydrate medium. The presence of translucent zones In the enamel surrounding " carious " lesions produced in vitro shows that these zones may occur independently of any vital reaction. This is contrary to the view held by Mummery (1926) who stated that they were a vital response to caries. The distribution of the lesions indicates that the enamel of erupted teeth has a cortical protection against artificial caries and dilute acids of less acidity than pH 3-5. This protection is present over all enamel surfaces except those subject to natural or artificial attrition or abrasion. Ihe cause of this protection has not yet been conclusively demonstrated. Box (1942) states that the tooth surface is protected by an organic deposit and Gore (1942) has shown that precipitated mucin is impermeable to dilute acids, but it is unlikely that any surface deposit would persist after boiling in 25% sodium hydroxide. In attrition or abrasion of the enamel surface the enamel cuticle is removed and it is probable that the hypercalcified cortical layer of enamel described by Karlstrom (1939) and Thewlis (1934) is injured. The difference in degree of calcification between normal enamel and the hypercalcified zone is so small that it seems unlikely that it could cause such a marked variation in their resistance to prolonged acid attack. The enamel cuticle is insoluble in either acids or alkalis and its distribution is identical with that of the cortical enamel protection. T'his strongly suggests that a relationship exists and although conclusive evidence is as yet lacking, it is most probable that the enamel cuticle protects the enamel surface against attacks by dilute acids such as occur in the production of caries in vitro. The significance of such a protection against natural caries is evident, buit the analogy between caries in vitro, and in vivo cannot be carried too far. If the validity of this comparison be accepted, as it has been in the past (Miller, 1890; McIntosh, James and Lazarus-Barlow, 1922; and Clarke, 1924) , then a new factor in the oetiology of caries has been demonstrated. SUMMARY (1) The enamel cuticle is present on the enamel surfaces of all erupted teeth. It is absent only from those areas subject to natural or artificial attrition or abrasion.
(2) Carious lesions produced in vitro are the direct results of acid attack and are not related to any specific organism.
(3) Translucent zones in the enamel surrournding carious lesions may occur independently of vital reaction.
(4) The enamel of erupted teeth has a cortical protection against attack by dilute acids. Protection is lost from those areas subjected to natural or artificial abrasion. It appears most probable that the enamel cuticle is responsible for this protection. It is effective against " caries " produced in vitro and may play some part in the prevention of natural caries.
